ABSTRACT
INTRODUCTION
Formalin is the most commonly used chemical for tissue fixation worldwide as it provides excellent morphological preservation for routine histology (1) . Formaldehyde fixation preserves tissue from degradation, and maintains the structure of the cell and of sub-cellular components such as cell organelles (e.g., nucleus, endoplasmic reticulum, mitochondria). Mainly 10% neutral buffered formalin (4% formaldehyde) is being used for light microscopy. (1) .
Its chemical action in order to preserve tissue is exerted mainly by irreversibly cross-linking protein. The main action of these formaldehyde fixatives is to cross-link amino groups in proteins through the formation of methylene bridges (-CH 2 -), in the case of formaldehyde, or by a C5H10 cross-links in the case of glutaraldehyde. Formaldehyde will cause a significant amount of prostate tissue shrinkage by 4.1-4.5%, however we cannot find any scientifically valid result available regarding weight loss resulting by chemical fixation in prostatic specimens (2, 3 Previous studies were conducted in animal organs (4) to estimate the effect of storage in formalin on organ weights; however, we can not find comparative papers for human prostate even after an extensive literature search.
Measurement of prostate weight can be determined by transabdominal (TAUS) or transrectal ultrasound (TRUS) (5), however increasingly magnetic resonance imaging (MRI) (6, 7) and multiparametric MRI are used mainly in oncology setting to obtain more precise and accurate estimation of prostate size for treatment plan. In terms of the prostate size/volume a large 67 TURP (transurethral resection of the prostate) series was analyzed by Mayer et al. (8) which showed a mean pre-operative prostate volume of 47.6 grams, with mean resected prostate tissue of 25.8 grams. In a single center prospective study published by Badani et al (9) , 2766 RALP (robotic-assisted laparoscopic prostatectomy) results showed a mean prostate weight of 49.91 grams (13-220 grams); preoperative weight was not recorded. Generally none of these or other trials recorded when and how is prostatic specimen weight recorded, which could carry a significant bias due to chemical fixation induced weight loss.
Our aim was to quantitatively evaluate the discrepancies in actual versus post formaldehyde--fixed prostate weight in our TURP and RALP specimens involving the influence of formalin fixation.
MATERIAL AND METHODS
Fifty-one patients were recruited prospectively between January 2013 to June 2013 who either underwent a TURP (standard monopolar resection) (n=26) for bladder outflow obstruction (BOO) or a RALP (n=25) for histologically proven organ confined prostate cancer in our institution. RALP specimens were measured en block with the seminal vesicles. Data was collected for initial measurement of the native, unfixed histology specimen directly after the operation by the operating surgeon and measured without delay on a SECA 856 digital medical scale (Graduation Weight: 1 g < 3 kg > 2 g). Weight of the specimen was recorded by the research team on an encrypted pen drive with no access but to the research team. Pathologists were unaware of the original specimen weight measured by the research team. Specimens were fixed in formaldehyde solution BP 10% v/v (equivalent to 4% formaldehyde) with sodium chloride BP 0.9% w/v. and sent to the pathology laboratory where after sufficient period of fixation were measured on OHAUS EB3 series scale (Graduation Weight: 1 g < 3 kg > 1 g). Standard 1-2-5-10-100 grams test weights were used to compare accuracy of the scales to avoid bias from measurement. Both scales measured tester's weight precisely and accurately with no difference in terms of weight. Overall and subgroup analysis of the native untreated prostate weights and chemically treated prostate weights were analyzed with paired t-test.
RESULTS
A total number of 51 patient were recruited, TURP (n=26) and RALP (n=25) over six months (from January 2013 to June 2013). Demographical characteristics of the patients showed an overall patients' mean age of 64.78 (SD±8.43), TURP patients' mean age of 68.31 (SD±9.43), RALP patients' mean age of 61.12 (SD±5.29).
Overall native specimen (n=51) mean weight was 33.76 grams (SD±22.22) and formaldehyde treated mean weight was 29.98 grams (SD±20.56), a difference which is extremely statistically significant (p≤0.0001), with a standard error of 0.472 (Figure-1) . The mean weight reduction after chemical fixation was 11.20% compared to native prostatic tissue weight.
Subgroup analysis of native TURP chips showed a mean weight of 16.15 grams (SD±9.01) and formaldehyde treated mean weight of 14.00 grams (SD±8.76) a difference which is extremely statistically significant (p≤0.0001), with a standard error of 0.46, The mean weight reduction after chemical fixation was 13.32% compared to native TURP chips weight.
RALP native specimens mean weight was 52.08 grams (SD±16.09) and formaldehyde treated mean weight of 42.60 grams (SD±15.36) a difference which is extremely statistically significant (p≤0.0001), with a standard error of 0.696.
Mean weight reduction of the RALP specimens was 19.32 % after chemical fixation.
Overall final histology mean reporting time was 7.24 days (SD±3.43). TURP specimen final histology mean reporting time was 6.15 days (SD±3.86) and 8.36 days (SD±2.51) for the RALP specimen which was slightly longer (reporting days include weekends as well).
None of the TURP chips contained incidental adenocarcinoma on the final histology report, and all were reported as a benign prostatic hyperplasia (BPH) or adenofibromyomatous hyperplasia.
DISCUSSION
A large 67 TURP series was analyzed by Mayer et al. (8) which showed a mean pre--operative prostate volume of 47.6 grams, mean resected prostate tissue 25.8 grams with a resection time of 38.5 minutes. In a single center prospective study published by Badani et al (9) 2766 RALP results showed a mean prostate weight of 49.91grams (13-220 grams), with a mean operative time of 154 minutes, preoperative prostate volume was not included. Our data correlates well in terms of the average prostate volume/weight around 45-50 grams in these studies, however none of these studies nor other articles specify precisely how and when the specimen was weighed.
In a common clinical setting, transabdominal (TAUS) or transrectal ultrasound (TRUS) (10) can be used to assess prostate size. There have been studies working on the correlation of TAUS and TRUS in the prostate volume measurement (5, 11) which suggest a good correlation between transabdominal estimation of prostatic volume with the transrectal method. Other studies showed (12) that prostatic weight and volume measured with TAUS are overestimated in about 50% of cases, therefore suggested that TRUS shall remain the gold standard to monitor prostate volume and weight. With the evolution of imaging technology, magnetic resonance imaging (MRI) (6, 7) and multiparametric MRI and MR-positron emission tomography (PET) that offer detailed images of the prostate could potentially offer more precise and accurate estimation of prostate size.
Accurate reporting of radical prostatectomy specimens is becoming more important as we gain insights into how cancer therapy should be tailored according to risk categories, therefore handling of these specimens must be standardized, enabling the correct identification of histopathological risk factors for poor outcome (13) . When tumor and or prostatic tissue volume is measured planimetrically, results are multiplied by a correction factor to compensate for tissue shrinkage caused by processing the specimen (3). As previously reported by Jonmarker et al, the tissue shrinkage after fixation with formalin in radical prostatectomy specimen resulted in an average linear shrinkage of 4.5% corresponding to a volume correction factor of 1.15 (2) .
As well as volume/size, the weight of the prostatic specimen has also gained attention lately as Peiguo et al showed a relationship with low median prostate weight (49g) resulting in a significantly higher positive margin rate and incidence of extraprostatic extension (14) in a large prospective study of a laparoscopic radical prostatectomy series. In their study it was 1.523 times more likely to have positive margins with small weight prostates. We found that our RALP specimens had 6% more mean weight loss (19.32% vs. 13.32%) than TURP chips.
Limitations of our study are the fact that two different types of scale were used, however both scales measured tester's weight precisely and accurately with no difference in terms of weight. A potential source of bias for our data could be the fact that the RALP prostate specimens were weighed with the seminal vesicles attached, however, they were weighed again by the pathologist exactly the same way. The true weight of the prostate gland can only be determined if the seminal vesicles are detached from the prostate gland before weighing and that was recommended by the International Society of Urological Pathology (ISUP) Consensus Conference (15) . They also concluded that 76% of participants weighed the prostate with the seminal vesicles attached and it was noted that some urologists request the weight of the entire specimen in order to assign a level of difficulty to the surgical procedure, in which case the weights of the prostate and the seminal vesicles could be combined (15) .
Therefore we cannot determine the weight loss of the seminal vesicle as a result of formaldehyde fixation, and we cannot predict how that affected our overall RALP specimen results. On the contrary, detaching the seminal vesicle in theatre could potentially carry a hazard of damaging prostatic and seminal vesicle margins resulting in understaging of the disease (16) , therefore the author would not recommend it to be performed by the urologist. Further evaluation is needed to determine the formaldehyde induced seminal vesicle weight loss and shrinkage.
CONCLUSIONS
Chemical fixation performed with formaldehyde causes a considerable amount of tissue shrinkage; however it has not been known that prostatic chips and whole human radical prostatectomy specimens undergo a significant weight reduction as well. The practical significance of the accurate prostate weight in patient management may be limited, however it is agreed by everyone that this should be recorded, as such data are of potential interest for research purposes and vital for precise documentation. Generally, most of the articles quote the histologically reported prostate weight which is biased by chemical fixation at least 10%-20% reduction according to our study findings. These facts raise serious concerns about the accuracy of the previous studies dealing with prostatic specimen weight. The urological and pathological community will have to raise the awareness on chemical fixation induced specimen weight loss and have to reach consensus in order to avoid measurement bias and hence precise weighing which will lead to a clear and accurate data.
